Introduction
============

Lung cancer remains the leading cause of cancer deaths worldwide.[@b1-cmar-11-1623] In total, 80%--85% of lung cancer cases can be classified as non-small-cell lung cancer (NSCLC).[@b2-cmar-11-1623] Recent advances in the understanding of the pathogenesis of NSCLC have led to the introduction of a variety of biological agents into clinical practice. Small molecular inhibitors targeting NSCLC associated with driver mutations, such as EGFR or ALK inhibitors, have shown efficacy in controlling diseases.[@b3-cmar-11-1623]--[@b5-cmar-11-1623] However, most of these patients would eventually develop drug resistance and a large number of NSCLC patients are presented without actionable mutations, and limited treatment options are available for this patient population.[@b6-cmar-11-1623]--[@b9-cmar-11-1623] To address this issue, a novel treatment strategy is clearly needed.

The immune system has its inherent immunosuppressive mechanisms or uses checkpoints to limit prolonged immune activation and inflammation, which could be detrimental to the host.[@b10-cmar-11-1623] Tumors have co-opted these endogenous mechanisms as a means to evade immune surveillance by the host immune system. During the past decade, novel drugs targeting checkpoint pathways leading to a reinvigorated antitumor immune response have shown promising efficacy in advanced NSCLC.[@b10-cmar-11-1623],[@b11-cmar-11-1623] Among immune therapies, the programmed cell death 1 (PD-1) and the programmed cell death receptor 1 (PD-L1) blockade therapies are the most investigated. Preclinical studies have demonstrated that PD-1 receptor has emerged as a dominant negative regulator of antitumor T-cell effector function when engaged by its ligand PD-L1.[@b12-cmar-11-1623],[@b13-cmar-11-1623] Further works found that inflammation-induced PD-L1 expression in the tumor micro-environment results in PD-1-mediated T-cell exhaustion, inhibiting the antitumor cytotoxic T-cell response. As a result, PD-1 pathway blockade by using anti-PD-1 or anti-PD-L1 drugs could relieve immune suppression of antitumor T cells, which results in tumor cell death.[@b14-cmar-11-1623],[@b15-cmar-11-1623] Currently, three immune checkpoint inhibitors (ICIs), namely, nivolumab (anti-PD-1), pembrolizumab (anti-PD-L1), and atezolizumab (anti-PD-L1), have been approved for either first-line or subsequent therapy in advanced NSCLC.[@b16-cmar-11-1623]--[@b19-cmar-11-1623] Although these agents have shown greater activity, in terms of progression-free survival (PFS) or overall survival (OS), compared to controlled therapies, specifically when compared to placebo, a clinically relevant increase in complete response (CR) is not reported and the role of ICIs in increasing the curability of this cancer remains unclear. We thus conducted this meta-analysis of published reports about ICI-containing regimens vs chemotherapy (CT) alone to investigate the incidence rates and relative risk (RR) of CR in advanced NSCLC patients.

Methods
=======

Selection of studies
--------------------

To identify studies for inclusion in our systematic review and meta-analysis, we did a broad search of four databases, including Embase, PubMed/MEDLINE, the Cochrane Central Register of Controlled Trials, and the Cochrane Database of Systematic Reviews, from the date of inception of every database to August 2018. The search was limited to human studies and randomized controlled trials (RCTs). No language restriction was imposed. If more than one publication was found for the same trial, the most recent was considered for analysis. Abstracts of the American Society of Clinical Oncology (ASCO), the European Society for Medical Oncology Congress (ESMO) since 2002, and the World Gastrointestinal Congress since 2006 were also searched manually.

To be eligible for inclusion in our systematic review and meta-analysis, study populations (referred to hereafter as cohorts) had to meet all the following criteria: 1) patients with pathologically confirmed NSCLC; 2) prospective RCTs assessing patients received systematic therapy with or without ICIs; and 3) reported outcomes of interest (ie, tumor control and survival). We did not restrict our search to language and country. We excluded case reports with fewer than five patients, reviews, notes, letters, errata, and commentaries.

Definition of outcomes
----------------------

Treatment with ICIs was considered as the experimental arms and the other treatments as the standard comparators. CRs were considered as the main outcomes, and the analysis was conducted in order to find a significant difference between the two arms. CRs were defined as disappearance of all target lesions. Any pathological lymph nodes (whether targeted or non-targeted) must have reduction in the short axis to \<10 mm according to response evaluation criteria in solid tumors (RECIST) criteria. OS was defined as the period from starting targeted therapy until death or last follow-up. Time to progression (TTP)/PFS was defined as the period from starting targeted therapy until progression or last follow-up, and objective response rate (ORR) was defined as rate of partial responses and CRs.

Data extraction
---------------

Two authors conducted the data extraction independently. It was performed according to the PRISMA statement,[@b20-cmar-11-1623] and any types of discrepancies were resolved by consensus. The data extracted for each trial were first author's name, year of publication, number of enrolled patients, dose of ICIs, median age, median OS, and median PFS.

Statistical method
------------------

For calculating the incidence, the number of patients with CR and the number of patients treated in each arm were extracted from the efficacy profile of the selected trials. The proportion of patients with CR and the derived 95% CI were calculated for each study. We also calculated the RR and the *CI*s of events in patients assigned to ICIs compared to the controlled patients in the same study. To calculate the 95% CIs, the variance of a log-transformed study-specific RR was derived using the delta method.[@b21-cmar-11-1623] Between-study heterogeneity was estimated using the *c*^2^-based Q-statistic.[@b22-cmar-11-1623] Heterogeneity was considered as statistically significant when *P*~heterogeneity~ was \<0.1. When substantial heterogeneity was observed, the pooled estimate, calculated based on the random-effects model, was reported using the method described by Dersimonian and Laird,[@b23-cmar-11-1623] which considered both within- and between-study variations. We also conducted the prespecified subgroup analyses according to treatment line and specific ICIs. We assessed potential publication bias by visual inspection of the symmetry of funnel plots and with tests described by Begg and Mazumdar[@b24-cmar-11-1623] and Egger et al.[@b25-cmar-11-1623] Study quality was assessed by using the Jadad five-item scale that included the randomization, double blinding, and withdrawals; the final score was reported between 0 and 5.[@b26-cmar-11-1623] All data were collected using Microsoft Office Excel 2003; and meta-analysis was performed using open Meta-Analyst software version 4.16.12 (<http://www.cebm.brown.edu/openmeta>, 2018.09.13 last update).

Ethics approval and consent to participate
==========================================

This meta-analysis was approved by the Ethical Committee of Shenzhen People's Hospital. The need for informed patient consent for inclusion was waived.

Results
=======

A total of 350 studies were identified from the database search, of which 50 were duplicates and 285 did not meet the inclusion criteria and were therefore excluded. Thus, 15 reports were retrieved for full-text evaluation. A total of nine trials met the inclusion criteria and were included in this systematic review ([Figure 1](#f1-cmar-11-1623){ref-type="fig"}). The characteristics of patients and studies are listed in [Table 1](#t1-cmar-11-1623){ref-type="table"}. Overall, a total of 4,803 NSCLC patients from nine RCTs were included for analysis.[@b18-cmar-11-1623],[@b19-cmar-11-1623],[@b27-cmar-11-1623]--[@b33-cmar-11-1623] The median number of patients included in each study was 616 patients (range: 123--800 patients). One trial was a placebo-controlled double blind trial,[@b19-cmar-11-1623] and the other eight trials were open-label randomized trials.[@b18-cmar-11-1623],[@b27-cmar-11-1623]--[@b33-cmar-11-1623] Dosages for each molecule are reported in [Table 1](#t1-cmar-11-1623){ref-type="table"}. Among the included trials, six trials investigated the role of ICIs as first-line therapy for advanced NSCLC, while the other two trials assessed the efficacy of ICIs in second-line settings. The quality of each included study was roughly assessed according to Jadad scale: one trial had a Jadad score of 5 and eight trials had a Jadad score of 3.

Incidence of CR
---------------

CRs were reported in 31 out of 2,067 patients in the experimental arm, with an incidence of 1.5% (95% CI: 0.8--3.0), compared to 10 out of 1,836 patients treated in the control arm, with an incidence of 0.7% (95% CI: 0.4--1.2).

RR of CRs
---------

A total of 4,003 patients from seven RCTs were included for analysis. The RR of CR was 2.89 (95% CI: 1.44--5.81, *P*=0.003; [Figure 2](#f2-cmar-11-1623){ref-type="fig"}) in patients treated with ICIs when compared to the controls, according to the fixed-effects model (*P*=0.56, *I*^2^=0%). We then performed subgroup analysis according to treatment line and showed that the use of ICIs as first-line (RR 2.39, 95% CI: 1.08--5.3, *P*=0.032) or second-line (RR 4.99, 95% CI: 1.10--22.66, *P*=0.038) therapy significantly increased the chance of obtaining a CR. Of note, the occasional wide variation in the CIs indicated that more trials were still needed to confirm our findings, although there was an improved RR of archiving CR in ICIs groups. In addition, subgroup analysis to specific ICIs showed that use of atezolizumab (RR 3.26, *P*=0.01) and nivolumab (RR 4.83, *P*=0.042) in advanced NSCLC significantly improved the CR rate in comparison with CT alone, but not pembrolizumab and ipilimumab.

Publication bias
----------------

No evidence of publication bias was detected for the RR of CRs in this study by funnel plots, Begg's test (*P*=0.40), and Egger's test (*P*=0.57).

Correlation between OS and PFS/ORR
----------------------------------

Data from nine cohorts were available for correlation analysis between OS and PFS. There was a strong correlation between median OS and median PFS (*r*=0.89), and this correlation was statistically significant (*P*=0.017; [Figure 3](#f3-cmar-11-1623){ref-type="fig"}). Data from nine cohorts were available for correlation analysis between median OS and ORR/CRs. No marked correlation was found between median OS and CR (*r*=0.19, *P*=0.75; [Figure 4](#f4-cmar-11-1623){ref-type="fig"}) and median OS and ORR (*r*=0.52, *P*=0.28; [Figure 5](#f5-cmar-11-1623){ref-type="fig"}).

Discussion
==========

During the past decades, major advance in cytotoxic agents has been achieved for advanced NSCLC.[@b34-cmar-11-1623] However, only a small number of advanced NSCLC patients receiving cytotoxic agents can achieve CR. In recent years, immune therapy has significantly revolute treatment strategy for solid tumors including NSCLC.[@b27-cmar-11-1623],[@b35-cmar-11-1623] Although several case reports have been published, overall incidence and likelihood of achieving a CR in NSCLC receiving ICIs has not been systematically determined. In addition, obtaining a CR is independently associated with improved survival, not only for NSCLC but also for other solid and hematologic malignancies. As a result, it is of particular importance to determine whether the use of ICIs would increase the CR events in NSCLC patients.

To our best knowledge, this is the largest meta-analysis to specially investigate the possibility of archiving CRs associated with ICIs in the treatment of advanced NSCLC. A total of 4,803 NSCLC patients from nine RCTs were included for analysis. The incidence of CR in NSCLC patients treated with ICIs was 1.5% (95% CI: 0.8--3.0) compared to 0.7% (95% CI: 0.4--1.2) in CT groups. The use of ICIs in advanced NSCLC significantly improved the possibility of archiving CR (RR 2.89, 95% CI: 1.44--5.81, *P*=0.003) compared to CT. Subgroup analysis according to ICIs showed that the use of atezolizumab (RR 3.26, *P*=0.01) and nivolumab (RR 4.83, *P*=0.042) in advanced NSCLC significantly improved the CR rate in comparison with CT alone, but not pembrolizumab and ipilimumab. We also found that the use of ICIs as first-line (RR 2.39, 95% CI: 1.08--5.3, *P*=0.032) or second-line (RR 4.99, 95% CI: 1.10--22.66, *P*=0.038) therapy significantly increased the change in obtaining a CR. In addition, correlation analysis indicates that PFS was strongly correlated with OS in NSCLC patients who received ICIs (*r*=0.67 for PFS, *P*=0.023). No marked correlation was found between OS and ORR (*r*=0.48, *P*=0.13). Based on our findings, ICIs alone or combination are recommended as initial treatment for unresectable advanced NSCLC patients in order to pave the way for potentially radical surgery of the primary and metastatic sites.

We also assessed the potential surrogate points for OS in NSCLC patients who received ICIs. Roviello et al[@b36-cmar-11-1623] previously investigated the role of the tumor RR after ICI-based therapy as a potential surrogate end point of PFS and OS in patients with solid tumors. The authors found a weak correlation between RR and OS, supporting future investigations to assess the surrogacy of RR in the patients treated with ICIs. In consistent with previous studies, no marked correlation was found between OS and CR (*r*=0.19, *P*=0.75) and OS and ORR (*r*=0.52, *P*=0.28). One potential reason for this observation is the heterogeneity of the patients' cohort as patients with different levels of PD-L1 expression were included for analysis, while current studies have demonstrated that the PD-L1 expression on formalin-fixed, paraffin-embedded tumor section by immunohistochemistry (IHC) could be a marker to identify potential responder to novel ICIs. Additionally, in the present study, we find that there is a strong correlation between OS and PFS (*r*=0.89), and this correlation is statistically significant (*P*=0.017). Based on our findings, PFS appears to be a good surrogate end point for OS in NSCLC patients receiving ICIs.

The results of our meta-analysis represent the largest amount of evidence that the use of ICIs is effective at increasing the rate of CR in NSCLC patients when compared to controls. The quality of this evidence is based on the high rate of the mean Jadad score for the included studies. Nevertheless, there are several limitations that need to be mentioned. First of all, this meta-analysis only considers published literature, and lack of individual patient data prevents us from adjusting the treatment effect according to disease and patient variables. In addition, we are unable to investigate whether the ability of archiving CRs associated with ICIs is similar in NSCLC patients with or without EGFR or ALK gene mutation. Second, CR events are prospectively collected for each clinical trial, but our study is retrospective, and there are potentially important differences among the studies, which could be another source of heterogeneity. However, the pooled analysis indicates that there is no significant heterogeneity among included trials. Finally, most of included trials are open label, with an inherent risk of bias. Although the literature search is comprehensive, the possibility of relevant publication remains might not be identified.

Conclusion
==========

Although the CR is a rare event in advanced NSCLC patients, the use of ICIs significantly increases the chance of archiving CR in comparison with CT. Further studies are still needed to investigate whether treatment with ICIs can be discontinued in these patients. In addition, PFS is significantly correlated with OS and could be used as a surrogate end point in patients with NSCLC who have received ICIs therapy, but not for CRs/ORR.
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###### 

Baseline characteristics of nine included trials

  Study/year                                Treatment line   Total   Treatment arms                Median age (years)   Median PFS (months)   Median OS (months)   CR   No. for analysis
  ----------------------------------------- ---------------- ------- ----------------------------- -------------------- --------------------- -------------------- ---- ------------------
                                                                                                                                                                        
  Socinski et al[@b33-cmar-11-1623]/2018    First line       800     Atezolizumab+bevacizumab+CT   63                   8.3                   19.2                 13   353
                                                                     Bevacizumab+CT                63                   6.8                   14.7                 4    331
  Hellmann et al[@b32-cmar-11-1623]/2018    First line       299     Nivolumab+ipilimumab          64                   7.2                   NR                   5    139
                                                                     CT                            64                   5.5                   NR                   1    160
  Gandhi et al[@b16-cmar-11-1623]/2018      First line       616     Pembrolizumab+CT              65                   9                     NR                   2    410
                                                                     CT                            63.5                 6.7                   11.3                 1    206
  Rittmeyer et al[@b29-cmar-11-1623]/2017   Second line      850     Atezolizumab                  63                   2.8                   13.8                 6    425
                                                                     Docetaxel                     64                   4                     9.6                  1    425
  Govindan et al[@b19-cmar-11-1623]/2017    First line       956     Ipilimumab+CT                 64                   5.6                   13.4                 1    388
                                                                     Placebo+CT                    64                   5.6                   12.4                 2    361
  Reck et al[@b31-cmar-11-1623]/2016        First line       305     Pembrolizumab                 64.5                 10.3                  NR                   NR   154
                                                                     CT                            66                   6                     NR                   NR   151
  Langer et al[@b31-cmar-11-1623]/2016      First line       123     Pembrolizumab+CT              62.5                 13                    NR                   0    60
                                                                     CT                            63.2                 8.9                   NR                   0    63
  Brahmer et al[@b27-cmar-11-1623]/2015     Second line      272     Nivolumab                     62                   3.5                   9.2                  NR   135
                                                                     Docetaxel                     64                   2.8                   6                    NR   137
  Borghaei et al[@b18-cmar-11-1623]/2015    Second line      582     Nivolumab                     61                   2.3                   12.2                 4    292
                                                                     Docetaxel                     64                   4.2                   9.4                  1    290

**Abbreviations:** CR, complete response; CT, chemotherapy; NR, not reported; OS, overall survival; PFS, progression-free survival.
